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ABSTRACT 
Ion exchange capacity of oxidized activated carbon (OAC) by HNO3 and surface treatment 
by NaOH solution was investigated. The HNO3 oxidizedfunctional groups on the activated 
carbon surface, such as ketone, carboxylic acid and its derivatives, to maximum oxidation state. 
The OAC surface played the role as cation exchanger for adsorption of inorganic compounds, 
especially metallic cations. The adsorption capacity of OAC was investigated in batch mode 







adsorption process was demonstrated by Langmuir and Freundlich isothermal model, and the 
maximum adsorption capacity according to Langmuir isothrermal equation was 20.4 mg/g for 
NH4
+
, 43.5 mg/g for Ca
2+
 and 38.5 mg/g for Cr
3+
. The results showed the OAC modified by 
HNO3 and surface treatment by NaOH solution improved adsorption capacity of AC for cations 
in solution to a higher level. 
Keywords: oxidized activated carbon,ion exchange. 
1. INTRODUCTION 
Activated carbon (AC) has been recognized as one of the most popular and widely used 
adsorbent. It is well known that AC is produced from a variety of carbonaceous rich materials 
and has high efficiency for removing organic substances than metals and other inorganic 
pollutants [1, 2]. Efforts are ongoing to substantially improve AC potential in removing ability 
for inorganic contaminants from aqueous phase by using different chemicals or suitable 
treatment methods. 
The original AC has numbers of functional groups of different types and densities. The 
most interesting and important property of AC is possibly to modify its surface to change 
adsorption characteristics and to make it for particular applications. Oxidation is one of methods 
to create high oxygen functional groups on the AC surface. The high oxygen containing groups 
can deeply change the property of the AC. 
The oxidation of AC can obtain more hydrophilic surface with relatively large number of 
oxygen-containing groups. In general, the oxygen-containing groups behave as real acids or 
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protone asocciated compounds, which possess ion-exchange properties. The chemical oxidation 
of AC is a frequently used method in the preparation of oxidized activated carbon (OAC). 
Various substances have been used as oxidation reagents, such as nitric or sulfuric acid, sodium 
hypochlorite, permanganate, bichromate, hydrogen peroxide, ozone-based gas mixture, etc.[3].  
This research was undertaken to improve exchange capacity of AC for cation removal from 
water environment. The original AC is commercial product made in Vietnam from coconut 
shell. The reagent used for oxidation was HNO3 and for suface treatment was NaOH solutions.  
2. MATERIALS AND METHODS 
2.1. Material preparation 
All AC samples in this study were from 
Tra Bac Joint Stock Corporation in Tra Vinh 
province. Firstly, original AC was washed by 
distilled water and then dried at 105 
o
C for 24 h 
to remove the moisture contents. The dried AC 
has the size of 0.5 – 1.0 mm. Then AC was 
oxydized by HNO3 solution in about 100 
o
C for 
4 hours with different concentrations from 2.0 
to 14.3 M. A reflux condenzer was used to 
prevent excessive HNO3 loss (Fig. 1). The ratio 
of AC/HNO3 was 1:3. After that, the oxidized 
activated carbon (OAC) sample was separated 
and washed with distilled water until the pH of 
the washed solution reached 4 – 5, and then 
dried at 105 
o
C for 24 h. The OAC was soaked in NaOH solution of 0.5 M with OAC/NaOH 
ratio of 1:10 for surface treatment. It was further washed with distilled water until the pH of the 
effluent reached 7 – 8. Finally the samples were dried again at 105 oC for 24 h.The sample was 
signed as OACNa. 
2.2. Methods 
2.2.1. Surface characterization of the OAC 
The acidic functional groups were determined according to Boehm titration by 0.1 N of 
following solutions: sodium hydroxide, sodium carbonate, sodium bicarbonate and hydrochloric 
acid [4, 5]. The number of acidic gpoups was determined by mean that NaOH consumption for 
carboxylic, lactonic and phenolic groups; Na2CO3 for carboxylic and lactonic groups; and 
NaHCO3 for only carboxylic groups. The number of basic groups was calculated from the 
amount of hydrochloric acid consumption. 
2.2.2. Determination of adsorption equilibrium time
 
The solution of NH4Cl, CaCO3 or Cr(NO3)3 with designed concentration was contacted 
with AC or OACNa at the shaker at 150 rpm and 30 
o
C. The concentration of cations were 
determined after contacted periods (30 min) until adsorption equilibrium was reached. NH4
+ 
was 
determined by spectrometric method (TCVN 6179-1:1996; calcium by titration (APHA, 3500-
Ca B) [6] and chromium by APHA, 3500-Cr [6] 
Figure1. Equipment for oxidation ofAC by HNO3 
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The batch mode experiment was carried out similarly as 2.2.2 but the contact time were 
adsorption equilibrium times for each cation and concentrations were inceased from 1.0 ppm to 
about 300 ppm. The ratio of adsorbent and solution was 1:100. Adsorption isotherms of AOCNa 
for all three cationswere described by the Langmuir and Freundlich models.  
The Langmuir isotherm [7] is given by equation: 
where: qe is equilibrium adsorption capacity (mg/g); qm is the maximum adsorption capacity 
(mg/g); Ce is equilibrium concentration (mg/L) and KL is Langmuir constant (L/mg). 
The Freundlich isotherm model with single solute [8] is described by equation: 
qe = KF . Ce
n
 
where: qe is equlibriumadsorption capacity, Ce is equilibrium concentration; n is the empirical 
parameter that represents the heterogeneity of the site energies and KF is the so-called unit 
capacity factor. 
3. RESULTS AND DISCUSSION 
3.1. Surfaces characterization of AC and OAC samples 
The characterizations of chemical structure of AC and OAC were performed by Boehm’s 
titration. The results were presented in Table 1. The original AC contains mainly phenolic group. 
As be seen at Table 1, the numbers of all acidic groups were created in OAC such as, lactonic, 
phenolic, carbonyl and carboxylic. Especially, when AC was oxidized by HNO3 with increased 
concentration, the acidic groups were increased. Meanwhile, the number of basic groups was not 
change or a little reduced. This could be due to the nitric acid neutralize or destroy them.  
Table 1. Results of Boehm’s titration. 
Sample 
Concentration of acidic groups (mmol/g sample) Concentration of basic 
groups (mmol/g sample) Carboxylic Lactonic Phenolic Total acidity 
AC 0 0 0.35 0.35 0.66 
OAC2 0.41 0.28 0.33 1.02 0.67 
OAC5 0.87 0.64 0.6 2.11 0.62 
OAC8 1.60 0.76 0.55 2.91 0.65 
OAC11 2.01 0.8 0.62 3.56 0.52 
OAC14 2.35 0.94 0.71 3.89 0.55 
OAC17 2.4 0.75 0.8 3.95 0.51 
where: AC is origin activated carbon; OAC2, OAC5, OAC8, OAC11, OAC14, OAC17 are oxidized 
activated carbon at HNO3 2 M, 4 M, 6 M, 8 M, 10 M, 14,3 M, respectively. 
3.2. Effect of oxidant concentration on adsorption capacity 
3.2.1. The effect on NH4
+
cation 
The adsorption isotherm of different OACs were presented by Langmuir model (Fig. 2) and 
Freundlich model (Fig. 3). When the initial concentration of the ammonium increase from 10 
mg/L to 305 mg/L, the adsorption (ion exchange) capacities of OACs increased. Obviously, the 
ion exchange followed the order of OAC17Na ≈ OAC14Na > OAC11Na > OAC8Na > OAC5Na > 
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OAC2Na. The results indicated that theAC oxidized with stronger HNO3 concentration so higher 
ion exchange ability. In this case, samples oxidized with 10.0 M and 14.3 M HNO3 have highest 
ion exchange capacity, while with 2.0 M HNO3 has minimum one (20.41 mg/g and 4.95 mg/g, 
respectively). The experimental data werefitted to both isotherm models. The linear correlation 
coefficients values (R
2
) in OACNa samples of Freundlich and Langmuir isothermal cuves were 
little different. This result once more proved the complexity of OAC surface. 
 
Table 2. Adsorption isotherm parameters of NH4
+
 on adsorbents. 
Adsorbent 
Langmuir Freundlich 
qm (mg/g) KL (L/mg) R
2 KF (mg/g) n R
2
 
AC 0.59 0.0126 0.996 - - - 
OAC2Na 4.95 0.58 0.977 0.40 2.28 0.993 
OAC5Na 7.81 1.87 0.985 0.63 2.19 0.984 
OAC8Na 12.34 5.14 0.981 0.92 2.05 0.999 
OAC11Na 14.71 17.93 0.972 1.05 2.00 0.993 
OAC14Na 20.41 12.29 0.979 1.22 1.81 0.990 
OAC17Na 20.41 11.91 0.974 1.04 1.72 0.993 
3.2.2. The effect on Ca
2+
cation 
The adsorption isotherms of different oxidized OACs were presented by Langmuir model 
(Fig. 4) and Freundlich model (Fig. 5). 
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The effect of oxidant concentration on ion exchange capacity of Ca
2+
 was clearly. However, 
the trend of ion exchange capacity was followed the order of OAC17Na ≈ OAC14Na > OAC11Na 
> OAC8Na > OAC5Na > OAC2Na. The maximum ion exchange capacity gained 43.6 mg/g (1.09 
mmol Ca
2+
/g). Two postulates may be proposed to explain the high ion exchange achieved with 
OACs. The first is that oxidation increased oxyacids content in OAC and thus increases the 
hydrophilicity of the AC surface. The H
+
 form of OAC was treated by NaOH to convert in Na
+
 
form to support ion exchange of the OACNa. The Freundlich and Langmuir isothermal curves 
showed in Fig. 4 and 5 seems allowing both isothermal models. These results indicated that the 
adsorption process were similar to NH4
+
 ion. 
Table 3. Adsorption isotherm parameters of Ca
2+
 on adsorbent. 
Adsorbent 
Langmuir Freundlich 
qm (mg/g) KL (L/mg) R
2 KF (mg/g) n R
2
 
AC 0.20 0.0017 0.93 - - - 
OAC2Na 9.8 1.06 0.913 0.74 2.49 0.961 
OAC5Na 19.23 4.05 0.919 1.16 2.26 0.921 
OAC8Na 27.78 13.58 0.952 1.72 2.09 0.924 
OAC11Na 34.48 42.05 0.973 2.38 1.92 0.909 
OAC14Na 43.48 61.24 0.941 2.46 1.76 0.954 
OAC17Na 43.48 59.56 0.906 2.72 1.87 0.951 
3.2.3. The effect on Cr
3+
cation 
The parameters of Langmuir and Freundlich isotherms for were shown in Table 4.  
The effect of oxidant concentration on ion exchange capacity of Cr
3+ 
on OACs was similar 
as Ca
2+
. The maximum was calculated from Langmuir isotherm for OAC14Na and OAC17Na to 
be 38.46 mg/g OACNa. When AC was oxidized by nitric acid, oxygen acidic groups -COOH, -
OH, -COOR were initially produced. H
+
 form was not suitable for ion exchange of the cations. 
But Na
+
 form was more efficiency. Ion exchange mechanism of carboxylic group can be most 
effective of all oxygen-containing groups in OAC surface. 
Table 4. Adsorption isotherm parameters of Cr
3+
 on adsorbent. 
Adsorbent 
Langmuir Freundlich 
qm (mg/g) KL (L/mg) R
2 KF (mg/g) n R
2
 
AC 0.3 0.013 0.995 - - - 
OAC2Na 8.54 0.6 0.984 0.48 2.26 0.977 
OAC5Na 14.08 1.519 0.956 0.4 1.78 0.962 
OAC8Na 21.27 3.67 0.971 0.48 1.63 0.964 
OAC11Na 28.57 8.58 0.960 0.72 1.60 0.961 
OAC14Na 38.46 14.97 0.962 0.71 1.43 0.960 
OAC17Na 38.46 14.35 0.943 0.64 1.38 0.958 
4. CONCLUSIONS 
In order to improve adsorption properties of AC for cations in water environment, 
modification of AC was inducted by HNO3. By batch experiment of oxidated AC (OAC), the 






 by OAC oxidized at different HNO3 concentrations was 
studied. The oxidation of AC with nitric acid changed the chemical properties of the AC surface. 
HNO3 oxidation of AC and NaOH modification of OAC can enhance the metal ion exchange 
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capacity. The OACs with Na
+  
form enhance ion exchange capacity. The ion exchange capacity 













 ions was allowing to both Langmuir and Freundlich adsorption 






ions was calculated 
from Langmuir isotherm and found to be 1.46; 1.09 and 0.74 mmol/g, respectively, for OAC14Na 
and OAC17Na. 
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